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STATEMENT  OF  PROBLEM 


In  human  studies,  the  changes  in  amplitude  of  the  visual 
evoked  potential  (VEP)  in  response  to  changes  in  light  flash 
intensity  show  individual  differences  which  are  very  stable  over 
short  periods  and  moderately  stable  over  longer  periods  (Buchsbaum, 
1971;  Birchall  &  Claridge,  1979;  Soskis  &  Shagass,  1974).  Those 
individuals  whose  VEP  intensity-response  curves  describe  a 
monotonic,  increasing  function  are  called  augmenters,  while  those 
whose  intensity-response  curves  describe  a  non-monotonic  function 
that  initially  increases  but  decreases  at  higher  light  intensities 
are  called  reducers.  Augmenting-reducing  has  been  found  to  be 
correlated  with  clinical  psychopathology  (Buchsbaum,  et  al.,  1971; 
Schooler,  ecal.,  1976;  Gershon  &  Buchsbaum,  1977;  Buchsbaum,  et  al. , 
1977) ,  personality  scales  of  extraversion-introversion  (Haier, 
1984)  and  sensation  seeking  (Zuckerman,  et  al.,  1974,  1980;  Lukas 
1981a),  and  with  pain  tolerance  (Buchsbaum,  1978;  Buchsbaum  & 
Haier,  1983) .  It  has  also  been  demonstrated  in  other  sensory 
modalities  such  as  audition  (Lukas  &  Mullins,  1983;  Bruneau,  et  al., 
1986;  Zuckerman,  et  al.,  1987).  This  readily  obtained 
psychophysiological  index  may  provide  a  measure  of  individual 
differences  in  response  to  high  levels  of  sensory  stimulation  which 
would  be  valuable  in  screening  personnel  for  performance  during 
stressful  task  assignments.  However,  there  is  controversy 
concerning  the  links  between  augmenting-reducing  and  personality 
which  stems  for  the  most  part  from  the  correlative  nature  of  these 
links  (Lukas,  1981b;  Connolly  &  Gruzelier,  1982;  Raine,  et  al., 
1981;  Soakis  &  Shagass,  1974;  Andress  &  Church,  1980). 

Information  gained  from  the  above  behavioral  studies  offers 
some  insight  into  mechanisms.  The  correlation  between  a  strictly 
sensory  phenomenon  such  as  augmenting-reducing  and  a  higher  level 
brain  function  such  as  personality  implies  that  both  stem  from  a 
common  modulatory  influence  on  the  cerebral  cortex.  ihe  cortical 
areas  known  to  process  sensory  information  from  different 
modalities  are  highly  segregated;  these  areas  are,  in  turn,  highly 
segregated  from  cortical  areas  implicated  in  the  expression  of 
personality.  The  common  modulatory  influence  is  most  likely  a 
subcortical  pathway  that  projects  diffusely  to  all  of  cortex. 

There  are  several  known  pathways  that  project  diffusely  to 
cortex.  These  can  be  grouped  into  two  major  categories.  First, 
are  the  major  transmitter  pathways,  vis.  noradrenergic  from  locus 
coeruleus,  dopamine  from  ventral  tegmentum,  cholinergic  from  basal 
forebrain,  and  serotonergic  from  dorsal  raphe.  Second  are  the  non¬ 
specific  thalamic  sensory  pathways  e.g.  pathways  from  the 
intralaminar  nuclei. 

To  get  away  from  correlative  links,  experiments  designed  to 
explore  the  mechanisms  behind  augmenting-reducing  must  be  used. 
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The  invasive  nature  of  such  experiments  requires  that  an  animal 
model  of  augment ing-reducing  be  developed.  Previous  studies  with 
cats  (Hall,  et  al.,  1970;  Lukas  &  Siegel,  1977)  indicate  that  they 
can  be  divided  into  augmenters  and  reducers,  that  these  divisions 
are  reliable  over  periods  of  time  up  to  at  least  a  year  (Saxton, 
et  al.,  1937a)  and  that  these  groups  show  correlated  personality 
differences  analogous  to  those  observed  in  human  augmenters  and 
reducers  (Saxton,  et  al.,  1987b).  Similarly,  rats  can  be  divided 
into  augmenters  and  reducers  —  also  with  correlated  behavioral 
differences  (Como,  etal.,  1979;  Joseph,  et  al. ,  1981)  .  Difficulties 
in  using  rats  stem  from  much  larger  variability  in  VEPs  than  is 
seen  in  either  humans  or  cats  (unreported  observations  from  our 
lab)  . 


The  research  described  in  this  final  report  is  designed  to 
expand  the  animal  model  for  augmenting-reducing  in  rats  and  cats. 
Much  effort  has  been  put  into  developing  an  acute  preparation  in 
which  VEPs  are  minimally  different  from  chronic,  behaving  animals 
and  VEP  variability  is  maintained  at  a  manageable  level.  A  two¬ 
pronged  effort  is  used  to  determine  the  neural  mechanisms 
underlying  augmenting-reducing.  First,  laminar  and  current-source 
density  analyses  of  visual  cortex  are  being  used  to  determine  the 
laminar  origins  of  the  components  of  VEPs.  With  this  information, 
anatomical  and  physiological  knowledge  of  visual  cortex  can  be  used 
to  narrow  down  the  putative  mediators  for  this  phenomenon.  Second, 
determination  of  the  effect  of  electrical  and  chemical  lesions  and 
electrical  stimulation  of  subcortical  nuclei  on  VEPs  can  be  used 
to  attempt  to  experimentally  control  the  mechanisms  that  produce 
augmenting-reducing.  ,  r 
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SUMMARY  OF  RESULTS 


Our  work  during  this  contract  period  was  divided  between 
examining  cats  and  rats  as  animal  models  for  augment ing-reducing. 
In  Wistar  rats  we  used  on-line  EEG  power  spectrum  analysis  as  a 
tool  to  identify  and  control  the  state  of  an  animal,  a  major  source 
of  variability  in  evoked  potential  (EP)  data,  permitting  us  to 
maintain  an  animal  in  a  stable,  moderately  anesthetized  state 
during  which  VEP's  were  qualitatively  comparable  to  those  seen  in 
the  unanesthetized  animal  (Sisson,  et  al.,  1987,  Sisson  &  Siegel, 
1988) .  Anesthesia  level  in  acute  preparations  was  varied  by  i.v. 
injections  of  chloral  hydrate,  and  the  EEG  and  light-flash  VEP's 
were  recorded  from  visual  cortex.  Under  deep  anesthesia,  EEG 
activity  was  concentrated  in  the  0.1  hz  to  4  hz  band  with  very 
little  contribution  from  frequencies  higher  than  10  hz.  After  this 
period  of  deep  anesthesia,  EEG  frequency  distribution  changed  with 
peak  power  measured  in  the  4  -  8  hz  range  with  a  small  increase  in 
power  in  the  frequency  band  between  11  and  30  hz.  This  moderate 
anesthetic  state  persisted  for  about  30  min.  Two  distinct  forms 
of  VEP's  were  highly  correlated  with  these  EEG  frequency 
distributions.  VEP's  associated  with  the  moderate  anesthetic  state 
were  comparable  to  those  reported  from  awake,  chronic  preparations. 
In  VEP's  associated  with  deep  anesthesia,  negative  components  were 
greatly  attenuated  or  entirely  absent;  amplitudes  of  the  positive 
components  were  increased  as  were  the  latencies  of  all  components. 


To  ascertain  whether  these  effects  would  be  the  same  across 
different  strains  of  rat,  we  repeated  this  experiment  using  albino 
and  hooded  Long-Evans  rats  (Sisson,  et  al.,  1988).  Significant 
strain  differences  (Wistar  vs.  Long-Evans)  were  seen  in  the  amount 
of  chloral  hydrate  necessary  to  induce  a  deep  state  of  anesthesia 
and  in  the  duration  of  the  deep  state:  Long-Evans  rats  were  less 
sensitive  to  chloral  hydrate.  Significant  differences  between  VEPs 
of  pigmented  and  albino  rats  were  observed,  specifically  in  the 
latencies  to  peak  of  the  VEP  components  (pigmented  rats  had  shorter 
latencies)  . 

With  the  ability  to  maintain  a  stable  level  of  anesthesia  in 
rats  using  chloral  hydrate,  we  looked  at  the  laminar  organization 
of  rat  VEPs.  Average  visual  evoked  potentials  (VEP's)  from  primary 
visual  vortex,  generated  by  light  flash  (fVEP's)  or  optic  nerve 
electrical  shock  (eVEP's),  were  compared  in  acute  rats.  Waveforms 
of  both  types  of  VEP  were  similar  for  the  first  three  (early) 
components  (Pv  N,  and  P2) ;  latency  difference  was  about  25  msec. 
The  later  components  of  the  two  VEP's  were  different  in  shape  and 
latency. 

Current  source  density  analysis  was  used  to  further  compare 
the  early  components  of  fVEP's  and  eVEP's,  again  with  similar 


results.  Current  sinks  with  latencies  coinciding  with  P,  were  dis¬ 
tributed  in  layer  IV  and  superficial  layer  V;  their  sources  were 
found  in  layer  I,  superficial  layer  II  and  layer  VI.  Sinks  with 
latencies  coinciding  with  appeared  in  layer  II/III  and  along  the 
layer  V-VI  border;  sources  were  located  in  layer  IV.  Sinks  with 
latencies  coinciding  with  P2  were  located  in  layers  I  and  VI; 
sources  were  found  in  layers  II  and  V.  Therefore,  the  initial 
components  of  fVEP's  and  eVEP's  appeared  to  be  generated  by  the 
same  cortical  circuitry.  Later  components  differed  suggesting  that 
the  temporal  characteristics  of  the  underlying  neuronal  activity 
was  important  for  their  expression. 

In  cats,  the  N1  and  P^N,  amplitudes  slopes  of  the  VEP  at  a 
medium  or  high  range  of  flash  intensities  were  characteristic  of 
the  individual  cat  (Saxton,  et  al.,  1987a).  The  N,  slope  at  the 
medium  range  of  intensities  was  a  reliable  measure  as  indicated  by 
the  finding  that  the  slope  of  the  averaged  N,  amplitude  vs.  flash 
intensity  for  three  different  sessions,  ten  months  apart  was  highly 
correlated  (r  >  0.9).  The  slopes  of  these  curves  were  correlated 
with  spontaneous  behaviors  and  with  learning  and  performance 
measures  during  a  bar  pressing  task  for  food  reward  (Saxton,  et  al., 
1987b)  .  Cats  who  were  relative  augmenters  at  the  high  range  of 
intensities  were  more  active,  exploratory  and  learned  to  bar  press 
more  quickly  and  efficiently.  Reducers  with  a  lower  inhibitory 
threshold  learned  the  differential  reinforcement  of  low  rate  of 
response  task  more  quickly,  performed  more  efficiently,  and  were 
less  disturbed  by  the  introduction  of  loud  noise  bursts. 
Apparently,  reducers  had  an  active  neural  inhibitory  process  which 
was  reflected  in  both  their  VEP  slopes  and  in  certain  behavioral 
tasks. 

We  have  also  been  looking  at  the  effects  of  electrical 
stimulation  of  subcortical  sites  on  cortical  augmenting-reducing 
functions.  Six  cats  have  been  examined  so  far,  and  basal 
forebrain,  raphe  dorsalis,  superior  colliculus  and  locus  coeruleus 
have  been  stimulated.  Preliminary  results  indicate  that  a 
conditioning  stimulus  train  delivered  to  superior  colliculus  prior 
to  a  light  flash  has  an  inhibitory  effect  on  ipsilateral  Pj-N,  and 
both  ipsi-  and  contralateral  N^Pj,  but  that  the  magnitude  of  this 
effect  is  not  different  as  a  function  of  light  flash  intensity. 
A  conditioning  train  delivered  to  raphe  dorsalis  produced  an 
excitatory  effect  on  ipsi-  and  contralateral  N1-P2,  and  this  effect 
is  intensity  dependent  in  that  the  excitatory  effect  is  greater 
with  higher  flash  intensities. 
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